This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



I 



THIS PAGE BLANKS 



cited in the European Search 
Report of EPCX //£ £32. S 
Your Ref.: Qu(r-AO-"ff 



(19) 



J 



(12) 



(43) Date of publication: 

09.02.2000 Bulletin 2000/06 

(21) Application number: 99114441.1 

(22) Date of filing: 22.07.1999 



Europdisches Patentamt 
European Patent Office 

Office europeen des brevets (11) 

EUROPEAN PATENT APPLICATION 

(51) int. Cl. 7 : G01 R 33/383 




EP 0 978 727 A2 



(84) Designated Contracting States: 


(72) Inventors: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Aoki, Masaaki 




MCNLPT SE 


Takatsuki-shi, Osaka-fu (JP) 




Designated Extension States: 


• Hashimoto, Shigeo 




AL LT LV MK RO SI 


Saga-shl, Saga-ken (JP) 




(30) Priority: 06.08.1998 JP 22344498 


(74) Representative: 




Viering, Jentschura & Partner 




(71) Applicant: 


Postfach 2214 43 




SUMITOMO SPECIAL METALS COMPANY 


80504 Munchen (DE) 




LIMITED 






Osaka-shi, Osaka 541-0041 (JP) 







CM 
< 

CM 
I s - 

OO 

o> 
o 

Q. 
LJJ 



(54) Magnetic field generator for MRI, method for assembling the same and method for 
assembling a magnet unit for the same 



(57) A plate yoke has an upper surface formed with 
a projection and a guiding rail. A new magnet block is 
transported by sliding on the upper surface of the plate 
yoke, and is bonded side by side with the projection or a 
magnet block which is already fixed. During the above 
operation, a magnetic member is held above the plate 
yoke. Preferably, the new magnet block is transported 
toward a corner portion, with side surfaces of the mag- 
net block held parallel to a side surface of the projection 
and a side surface of the guiding rail respectively. When 
the magnet unit and the column yoke is connected, the 
column yoke or the magnet unit is lowered so that a 
guiding rod attached to an end face of the column yoke 
is inserted into a hole formed in the magnetic unit. Fur- 
ther, the column yoke is guided by a guiding member 
disposed between a permanent magnet on the plate 
yoke and a position where the column yoke is to be con- 
nected on the plate yoke. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to a magnetic field gen- 
erator for an MR!, a method for assembling the same, 
and a method for assembling a magnet unit for the 
same. More Specifically, this invention relates to a mag- 
netic field generator for MRI incorporating permanent 
magnets, a method for assembling the same, and a 
method for assembling a magnet unit for the same. 

Description of the Related Art 

[0002] A magnetic field generator for MRI uses per- 
manent magnets. The magnet used in such an appara- 
tus have to be made up of a plurality of magnet blocks. 
It is very difficult to place material blocks first and then 
magnetize each. Thus, in actual manufacturing, the 
magnetized blocks must be aligned on a plate yoke so 
that each of the magnet blocks has a same magnetic 
pole facing upward. 

[0003] Conventionally, when placing the magnet 
blocks on the plate yoke, a surface of the plate yoke is 
first applied with adhesive, and then magnet blocks are 
bonded to the surface, as disclosed in the Japanese 
Patent No. 2,699,250 for example. According to such a 
bonding method, upper surfaces of respective magnet 
blocks bonded to the plate yoke surface are not flush 
with each other, making an uneven surface. A magnetic 
field generator incorporating the permanent magnets 
made of such magnet blocks is apt to produce ununi- 
form magnetic field between a pair of piece poles 
opposed to each other. Further, pole pieces for correct- 
ing the ununiformrty of the magnetic field may be tilted 
to produce ununiformrty in the magnetic field. Generally, 
after a step of mounting a pair of permanent magnets to 
oppose each other, a step of adjustment for uniformly 
distributing the magnetic field is indispensable. How- 
ever, if the magnet blocks are mounted according to the 
above method, the ununiformrty of the magnetic field is 
so large that the adjustment becomes very time con- 
suming with a lot of sub-steps. 

[0004] Further, according to the above method of 
bonding the magnet blocks, the magnet blocks each 
having a very intense magnetism have to be placed 
from above, onto the upper surface of the plate yoke, 
making extremely difficult to fit each of the magnet 
blocks snugly to adjacent magnet blocks. More specifi- 
cally, when mounting, each magnet block is held with a 
face of predetermined magnetic pole facing upward. 
When the magnet block is brought above the other mag- 
net block which is already fixed onto the plate yoke, a 
pulling force is generated between the two. Further, 
when the two magnet blocks are brought in adjacency, a 
repelling force is generated between the two. Since the 



magnet block to be placed is under such intense forces, 
the magnet block must be firmly held for safety while 
being transported. For a conventional holding mecha- 
nism, it is very difficult to fit the magnet block snugly to 
s the place of bonding efficiently against these strong 
forces. 

[0005] A pair of magnet units thus assembled as 
above are then opposed to each other so the perma- 
nent magnets are faced at a predetermined distance. 
10 This process is achieved by first assembling one mag- 
net unit, then connecting a column yoke to the magnet 
unit, and finally connecting the other magnet unit to the 
column yoke. 

[0006] The column yoke is to magnetically connect the 
is pair of magnet units, and therefore must be made of a 
magnetic material. Thus, when the column yoke is con- 
nected to the magnet unit, the column yoke is brought 
under the pulling force from the magnet unit, making dif- 
ficult to connect the two at a high accuracy. Likewise, 
20 when the second magnetic unit is connected to the col- 
umn yoke already connected to the first magnet unit, it 
is also difficult to connect the two at a high accuracy. 



25 



SUMMARY OF THE INVENTION 



[0007] It is therefore a primary object of this invention 
to provide a magnetic field generator for MRI, a method 
for assembling the same, and a method for assembling 
the magnet unit for the same for assembling the mag- 

30 netic field generator at a high efficiency through easier 
assembling operation of the magnet unit, easier con- 
necting operation and other assembling operations of 
the magnet unit and the column yoke. 
[0008] The method for assembling a magnet unit 

35 according to this invention is a method for assembling a 
magnet unit by bonding magnet blocks to a bonding 
object provided in a surface of a plate yoke, comprising: 
an applying step in which adhesive is applied to at least 
a side surface of the bonding object or a side surface of 

40 the magnet block; a transporting step in which the mag- 
net block is transported by sliding on the plate yoke; and 
a bonding step in which the transported magnet block is 
bonded to the bonding object. 

[0009] It should be noted here that the term bonding 
45 object as used here in this document refers to an object 
to which a new magnet block is bonded in the surface of 
plate yoke. For example, the bonding object may be a 
projection provided in the surface of plate yoke, or may 
be a magnet block already fixed in the surface of plate 
so yoke. 

[0010] According to the above method, the magnet 
block is transported by sliding to fit the bonding object, 
i.e. the projection or another magnet block Then, the 
magnet block is held press-fitted for a predetermined 
55 amount of time to complete the bonding to a predeter- 
mined location. Since the magnet blocks are mutually 
connected side by side, and therefore it is not neces- 
sary to apply adhesive to the surface of plate yoke, the 
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upper surface of the resulting permanent magnet is not 
likely to be uneven. Further, transportation of the mag- 
net block to the predetermined position can be achieved 
simply by sliding on the plate yoke, making possible to 
assemble the permanent magnet stably and efficiently. 
A note should be made here that in order to avoid a 
short circuit of the magnetic flux the projection should 
be made of non-magnetic material such as aluminum. 
[001 1 ] Before the magnet block is transported, a first 
guiding member is disposed in the surface of plate yoke. 
Positioning of the magnet block for fixation is achieved 
by bringing this magnet block into contact with a side 
surface of the first guiding member. By this operation 
the magnet block is accurately placed to the predeter- 
mined position. The first guiding member may be a pair 
of rails laid at 90-degree angle from each other. 
[0012] Preferably, a recess should be formed at a 
place on a side surface of the first guiding member 
where two blocks are bonded to each other. The first 
guiding member must be removed after the permanent 
magnet has been assembled. The recess provided in 
the first guiding member effectively prevents, when the 
magnet blocks are bonded by adhesive, the adhesive 
squeezed out of the mating surfaces from sticking to the 
first guiding member, thereby preventing the magnet 
blocks from being bonded to the first guiding member. 
[001 3] For easy positioning, a new magnet block is fit- 
ted to a comer portion formed by side surfaces of a plu- 
rality of bonding objects provided on the plate yoke, i.e. 
a corner portion formed by side surfaces of a pair of 
adjacent magnet blocks already fixed on the plate yoke, 
or a corner portion formed by a side surface of the pro- 
jection and a side surface of the magnet block fixed 
directly to the projection. Especially, the placement of 
the magnet blocks can be achieved without misalign- 
ment rf the new magnet block is transported so that a 
side surface of the new magnet block is held parallel to 
one of the side surfaces of the corner portion, i.e. the 
side surface ol the existing magnet block or the side sur- 
face of the projection. 

[0014] Likewise, when the first guiding member is 
used, a new magnet block is fitted to a corner portion 
made by the side surface of the first guiding member 
and the side surface of the bonding object i.e. a corner 
portion formed by the side surface of the first guiding 
member and a side surface of the projection, or a corner 
portion formed by the side surface of the first guiding 
member and a side surface of the magnet block fitted 
directly thereto, for easy positioning. Especially, the 
placement of the magnet blocks can be achieved with- 
out misalignment rf the new magnet block is transported 
so that a side surface of the new magnet block is held 
parallel to one of the side surfaces of the corner portion, 
i.e. the side surface of the first guiding member or the 
side surface of the projection. 

[0015] The other method for assembling the magnet 
unit according to this invention is a method for assem- 
bling a magnet unit by disposing a plurality of magnet 



blocks with a same magnetic pole facing upward in a 
surface of a plate yoke, comprising steps of: disposing a 
magnetic member above the plate yoke at a predeter- 
mined distance from the plate yoke generally in parallel 

5 thereto; and transporting each of the plurality of magnet 
blocks on the plate yoke, and fixing each of the plurality 
of magnet blocks to adjacent magnet blocks by bonding. 
[0016] When a plurality of magnet blocks are disposed 
with a same magnetic pole facing in a same direction as 

10 described above, the magnet blocks are apt to be 
demagnetized by a reverse magnetic field acting on 
each of the magnet blocks. To avoid this problem, when 
the magnet blocks are placed, a pole piece as a mag- 
netic member is disposed above the magnet blocks. 

75 This arrangement allows the pole piece to draw the 
magnetic flux, reducing the reverse magnetic field, 
thereby preventing demagnetization of the magnet 
block. 

[0017] Further, rf the pole piece is disposed as 

20 described above, it becomes possible to accurately dis- 
pose the pole piece at a predetermined position simply 
by lowering the pole piece onto the permanent magnet 
after the magnet blocks have been fixed. The pole 
piece, which is a large magnetic member exerting a 

25 very strong pulling force, can be very dangerous to the 
safety of operation as well as very difficult to accurately 
position to a predetermined location if brought close to 
the permanent magnet after the permanent magnet has 
been assembled. On the other hand, H the pole piece is 

30 disposed above the plate yoke in advance, the opera- 
tional safety is assured as well as accurate positioning 
to the predetermined place becomes possible. 
[0018] The method for assembling a magnetic field 
generator for MRI according to this invention is a 

35 method for assembling a magnetic field generator for 
MRI comprising: a pair of magnet units each including a 
plate yoke and a permanent magnet formed in a surface 
of the plate yoke; and a column yoke supporting and 
magnetically connecting the pair of magnet units, with 

40 one of the surfaces formed with the permanent magnet 
opposed to the other. The method comprises steps of: 
disposing a second guiding member for guiding the col- 
umn yoke, between the permanent magnet on the plate 
yoke and a location where the column yoke is to be dis- 

45 posed on the plate yoke; lifting the column yoke above 
the magnet unit; and disposing the lifted column yoke 
onto the magnet unit by lowering the lifted column yoke 
along a side surface of the second guiding member. 
[0019] Preferably, after disposing the second guiding 

so member between the permanent magnet on the plate 
yoke and a hole where the column yoke is to be dis- 
posed in the plate yoke for guiding the guiding rod of 
lifted column yoke to the hole, the positioning of the col- 
umn yoke is achieved by lowering the column yoke 

55 along the side surface of the second guiding member. 
The step can be performed more efficiently if the side 
surface of the second guiding member facing the hole is 
formed to generally fit the side surface of the column 
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yoke as properly positioned for example. When having 
lifted, the ceiumn yoke is tilted to the vertical axis due to 
the pulling nrce exerted by the permanent magnet. By 
bringing the column yoke into contact with the guiding 
surface of the second guiding member, the column yoke 
can be lowered easily onto the predetermined position. 
The second guiding member should preferably have a 
height not smaller than 700 mm. 
[0020] Another method for assembling a magnetic 
field generator for MRI according to this invention is a 
method for assembling a magnetic field generator for 
MRI comprising: a pair of magnet units each including a 
plate yoke and a permanent magnet formed in a surface 
of the plate yoke; and a column yoke supporting and 
magnetically connecting the pair of magnet units, with 
one of the surfaces formed with the permanent magnet 
opposed to the other. The magnet unit has an upper 
surface formed with a hole. The method comprises 
steps of: lifting the column yoke above the hole; attach- 
ing a guiding rod for insertion into the hole, to a lower 
end face of the column yoke; and connecting the col- 
umn yoke and the magnet unit through guided lowering 
of the cdumn yoke by inserting the guiding rod into the 
hole. 

[0021] According to this method, the column yoke can 
be disposed to a predetermined position at a high accu- 
racy by guiding the guiding rod into the hole while the 
lifted column yoke is being lowered. 
[0022] Still another method for assembling a magnetic 
field generator for MRI according to this invention is a 
method for assembling a magnetic field generator for 
MRI such as described above. One of the magnet units 
above the other has a hole opening at a position where 
the column yoke is to be connected. The method com- 
prises steps of: disposing the column yoke on an upper 
surface of the lower magnet unit; attaching a guiding rod 
to an upper end face of the column yoke; lifting the 
upper magnet unit above the column yoke; and con- 
necting the upper magnet unit and the column yoke 
through guided lowering of the upper magnet unit by 
inserting the guiding rod into the hole. 
[0023] According to this method, when the upper mag- 
net unit is mounted onto the column yoke which is 
already fixed to the lower magnet unit, the upper mag- 
net unit is lifted above the column yoke, with the perma- 
nent magnet faced downward, and then the upper 
magnet unit is lowered and disposed on the column 
yoke while being guided so that the guiding rod is 
inserted into the hole. 

[0024] During the above step, if a pair of guiding rods 
each having a length differing from the other are used, a 
preliminary positioning between the column yoke and 
the magnet unit can be achieved by first inserting one 
guiding rod into the corresponding hole, and then a 
more accurate positioning can be achieved by inserting 
the other guiding rod into the corresponding hole. 
[0025] The magnetic field generator for MRI according 
to this invention comprises: a pair of magnet units each 



including a plate yoke and a permanent magnet made 
of a plurality of magnet blocks disposed in a surface of 
the plate yoke; and a column yoke supporting and mag- 
netically connecting the pair of magnet units, with one of 
5 the surfaces formed with the permanent magnet 
opposed to the other. The surface of the plate yoke 
formed with the permanent magnet is formed with a pro- 
jection, and the magnet block is bonded side by side 
with the adjacent magnet block or the projection. Prefer- 
to ably, the projection is made of non-magnetic material. 
[0026] According to this invention, the permanent 
magnet used for the magnetic field generator for MRI 
can be assembled efficiently. Further, the magnet unit 
and the column yoke can be assembled efficiently and 
is accurately. As a result, the magnetic field generator for 
MRI can be assembled efficiently. 
[0027] The above described objects and other 
objects, features, aspects and advantages of this inven- 
tion will become more apparent from the following 
20 detailed description of embodiments when taken in con- 
junction with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 
25 [0028] 

Fig. 1 is a perspective view of a magnetic field gen- 
erator for MRI as an embodiment of this invention, 
with a partial cutaway. 
30, Fig. 2 is a perspective view of a plate yoke before 
magnet blocks are mounted in a step of assembling 
the magnetic field generator for MRI as the embod- 
iment of this invention. 

Fig. 3 is a plan view of the plate yoke showing a 
35 magnet block being assembled on the plate yoke in 
a step of the assembling. 

Fig. 4 is a plan view of a magnet block being trans- 
ported when the magnet block is assembled on the 
plate yoke in a step of the assembling. 
40 Fig. 5 is a plan view of the magnet blocks assem- 
bled in a quadrantal pattern on the plate yoke in a 
step of the assembling. 

Fig. 6 is a plan view of the plate yoke showing 
another example of assembling the magnet blocks 
45 on the plate yoke in the step of the assembling. 

Fig. 7 is a perspective view showing a primary por- 
tion of a permanent magnet assembling device 
used in the embodiment in Fig. 1 . 
Fig. 8 is a perspective view of a magnet block hold- 
so ing portion of the assembling device in Fig. 7. 

Fig. 9 is a front view, showing a primary portion of 
another permanent magnet assembling device 
used in the embodiment in Fig. 1 . 
Fig. 1 0 is a perspective view of a step of assembling 
55 a magnetic field generator for MRI as another 
embodiment of this invention, showing a state when 
a column yoke is being connected to a magnet unit. 
Fig. 11 is a perspective view of a primary portion, 
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showing the above step of assembling. 
Fig. 12 is a graph showing a relationship between 
the height of bottom surface of the column yoke and 
the pulling force of the permanent magnet acting on 
the column yoke in the above step of assembling. 
Fig. 13 is a perspective view of a state when the 
other magnet unit is being connected to the column 
yokes in a step of the assembling. 
Fig. 14 is a perspective view of another embodi- 
ment of the magnetic field generator for MRI. 
Fig. 1 5 is a perspective view of still another embod- 
iment of the magnetic field generator for MRI. 
Fig. 16 is a perspective view of still another embod- 
iment of the magnetic field generator tor MRI. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] Now, preferred embodiments of this invention 
will be described with reference to the accompanying 
drawings. 

[0030] Referring first to Fig. 1 , a magnetic field gener- 
ator for MR1 10 as an embodiment of this invention com- 
prises a pair of magnet units 12, 12a. Each of the 
magnet units 12, 12a includes a plate yoke 14. Each of 
the plate yokes 14 has a surface opposed to the other 
plate yoke, and this surface is provided with a perma- 
nent magnet 16. on which a pole piece 18 is provided. 
Each of the permanent magnets 16 includes a plurality 
of magnet blocks 20. Each of the magnet blocks 20 of 
the magnet unit 12 is fitted with adjacent ones, with a 
same magnetic pole facing upward. On the other hand, 
each of the magnet blocks 20 of the magnet unit 12a is 
fitted with adjacent ones, with the other magnetic pole 
facing downward. In other words, the permanent mag- 
net 16 of the magnet unit 12 and the permanent magnet 
16 of the magnet unit 12a are faced to each other so 
that different magnetic poles are opposed to each other. 
[0031] The magnet blocks 20 may be a magnet made 
from a ternary system compound Nd-Fe-B composed 
mainly of neodynium (Nd), iron (Fe) and boron (B). 
Alternatively, part of Nd of the Nd-Fe-B may be replaced 
by dysprosium (Dy) while part of the Fe may be 
replaced by cobalt (Co). The Nd-Fe-B is known as a 
strong neodynium magnetic material with a maximum 
energy product of over 320 kJAn 3 . It should be noted 
here that a method for making a rare earth magnet is 
disclosed in detail for example in the United States Pat- 
ent No. 4,770, 723 specification. 

[0032] The pair of opposed magnet units 12, 12a are 
supported and magnetically connected by four column 
yokes 22 having a circular cross-section, with a prede- 
termined space in between, for example 40 cm to 60 
cm. With such a structure, the magnetic field generator 
10 is to form an uniform magnetic field in a space 
between the pair of pole pieces 18. 
[0033] Now, for the above magnetic field generator 1 0. 
description will be made as to a method for assembling 



the permanent magnet 16 by placing a plurality of mag- 
net blocks 20 in a generally disc pattern on an upper 
surface of the plate yoke 14. 

[0034] Each of the magnet blocks 20 used in this 

5 embodiment includes a plurality (eight, for example) of 
magnet members. The magnet member is made by 
pressing and sintering magnetic powder into a general 
cube having the side of 4 cm to 10 cm. Then the plurality 
of magnet members are bonded with each other and 

10 magnetized. 

[0035] As shown in Figs. 2 and 3, the surface of the 
plate yoke 14 is provided in advance with a fixed projec- 
tion 24 made of non-magnetic material such as alumi- 
num as a guide. Further, the surface of the plate yoke 1 4 

is is provided with a pair of non-magnetic guide rails 26 
each extending radially from the projection 24 at an 
angle of 90 degrees from each other. The guide rails 26 
are detachably fixed to the plate yoke 14 by screws. 
[0036] As shown in Fig. 3, a first magnet block 20 is 

20 transported on the plate yoke 14 along a straight line 
equally dividing an angle between the projection 24 and 
one of the guide rails 26, i.e. the line making a 45- 
degree angle a shown in Fig. 3, and is disposed at a 
position shown by broken lines in Fig. 3. The magnet 

25 block 20 is transported by sliding while being magneti- 
cally fitted to the plate yoke 14. When the magnet block 
20 being moved comes within a predetermined distance 
(e.g. 5 cm to 10 cm) from the projection 24, the trans- 
portation is stopped, and adhesive (e.g. an acrylic 

30 adhesive) is applied to a surface of the projection 24 to 
be fitted by the magnet block 20. However, the adhesive 
is not applied to a side surface of the guide rail 26. 
Then, transportation is resumed to press the magnet 
block 20 to the projection 24 to achieve the bonding. 

35 The magnet block 20 is held pressed against the projec- 
tion 24 for a predetermined amount of time so that the 
adhesive become hardened to bond the two members. 
It should be noted here that for better positioning accu- 
racy of the magnet block 20, the magnet block 20 

40 should be transported as shown in Fig.4(a), with an 
angled corner 20a facing ahead so that side surfaces 
20b, 20c are respectively parallel to a mating side sur- 
face 24a of the projection 24 and another mating side 
surface 26a of the guide rail 26. 

45 [0037] The projection 24, bonded by the magnet block 
20, remains as part of the apparatus after the assem- 
bling is complete. However, since the projection 24 is 
non-magnetic, magnetic flux is not short-circuited. 
Thus, the fixation of the magnet blocks 20 can be com- 

so pleted without reducing the intensity of magnetic field 
generated between the magnet units 12 and 12a after 
the assembling. Further, use of aluminum for the projec- 
tion 24 advantageously enhances the bonding by 
acrylic adhesives. 

55 [0038] Following the above step, a similar cycle of 
steps are repeated for transporting and fixing other 
magnet blocks 20 respectively to a corner portion made 
by the projection 24 and the other guide rail 26, a corner 
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portion made by the side surface 26a of the guide rail 26 
and a side surface of the previous magnet block 20, and 
a corner portion made by side surfaces 20d and 20e of 
a pair of mutually adjacent magnet blocks 20. Again, in 
these particular steps, as shown in Fig. 4(b), each of the 
magnet blocks 20 is transported with the side surfaces 
20b, 20c held parallel to respective side surfaces which 
make the mating corner portion. Through the above 
steps, as shown in Fig. 5, the magnet blocks 20 are 
placed within a quadrant made by the pair of guide rails 
26 as the radii. In each case, the corresponding side 
surface portion of the guide rails 26 is not applied with 
the adhesive, and only the corresponding side surface 
of the magnet block 20 is applied with the adhesive. 
[0039] When a first quadrant has been covered by the 
magnet blocks 20, one of the fixed guide rails 26 (i.e. the 
right rail in Fig. 5) is removed and fixed to a position 
shown by the broken lines in Fig. 5. Then, the same 
cycle of steps as described above is repeated to place 
the magnet blocks 20 again in the quadrantal pattern fit- 
ted to the existing quadrantal pattern of the magnet 
blocks 20. 

[0040] Likewise, the above set of steps is repeated for 
filling each quadrant with the magnet blocks 20, to 
assemble the permanent magnet 16 into a generally 
disc shape. 

[0041] ft should be noted here that as has been under- 
stood from the above description, the plate yoke 14 and 
the magnet blocks 20 are not directly bonded together. 
However, the magnet blocks 20 surrounding the projec- 
tion 24 are bonded to the projection 24, whereas any 
adjacent pair of magnet blocks 20 are bonded to each 
other by the side surfaces. Further, each magnet block 
20 strongly pulls the plate yoke 14. Thus, all the magnet 
blocks 20 will be in proper alignment after the assem- 
bling is complete. 

[0042] It should also be noted here that the adhesive 
used for fixing the magnet blocks 20 is very strong. 
Once the magnet block 20 is bonded to the guide rail 26, 
it becomes difficult to separate the two. For this reason, 
as shown in Fig. 6, recesses 26b are formed in the side 
surface of each of the guide rails 26. The recesses 26b 
are formed at places where two magnet blocks 20 meet 
on the side surface of the guide rail 26. With such an 
arrangement, when a new magnet block 20 is pressed 
against a magnet block 20 which is already fixed, even 
if the adhesive sandwiched between the mating sur- 
faces is squeezed out, the adhesive does not reach the 
guide rail 26. preventing the magnet blocks 20 from 
being bonded to the guide rail 26. 
[0043] The assembling of the permanent magnet 16 
as has been described above is performed as follows by 
using an assembling device 30 for example shown in 
Fig. 7. 

[0044] As shown in Fig. 7, the assembling device 30 
includes a base 32. The base 32 has an upper surface 
provided with a turning table 34. The turning table 34 
can turn in a direction shown by arrow A around a verti- 



cal turning shaft (not illustrated) at a center. The plate 
yoke 1 4 is mounted on the turning table 34. 
[0045] The turning table 34 abuts on a transporting 
means 36. The transporting means 36 includes a trans- 

5 portation table 38. The transportation table 38 is held 
flush with the upper surface of the plate yoke 14 on the 
turning table 34. The transportation table 38 has an 
upper surface provided with an arm 40 having a forward 
end provided with a holding portion 42. 

io [0046] The transporting means 36 can move laterally, 
vertical to the axis of the arm 40. The arm 40 engages 
with the transportation table 38 so that the magnet block 
20 held by the holding portion 42 is transported axially 
of the arm 40. 

is [0047] The holding portion 42 has a structure shown 
in Fig. 8. Specifically, the holding portion 42 includes a 
frame member 44 having a pair of side walls 44a, 44b, 
and a pair of side-pressing hydraulic cylinders 46a. 46b 
respectively faced to the side walls 44a. 44b. The hold- 

20 ing portion 42 has an upper surface provided with a 
downward-pressing hydraulic cylinder 48 for pressing 
the magnet block 20 held by the holding portion 42 in a 
downward direction. The frame member 44 can be 
raised by a hydraulic lifting-lowering cylinder (not illus- 

25 trated). 

[0048] The magnet block 20 is slid on the plate yoke 
1 4 while being clamped by the side walls 44a. 44b of the 
frame member 44. and the side-pressing hydraulic cyl- 
inders 46a, 46b. When bonding the magnet block 20 to 

30 a magnet block 20 which is already bonded and so on. 
the magnet block 20 held in the transporting means 36 
is pressed downwardly by the downward-pressing 
hydraulic cylinder 48. This prevents the magnet block 20 
from being floated by the repelling force acting between 

35 the magnet block 20 itself and the fixed magnet block 
20. Meanwhile the frame member 44 is raised to expose 
two bonding surfaces of the magnet block 20. When the 
adhesive has been applied to both (or only one) of the 
exposed surfaces of the magnet block 20, the magnet 

40 block 20 is pressed and bonded against mating sur- 
faces by the side-pressing hydraulic cylinders 46a. 46b 
for a predetermined amount of time while the magnet 
block 20 is still being pressed downwardly by the down- 
ward-pressing hydraulic cylinder 48. 

45 [0049] While the above operations are performed, the 
pole piece 18 is kept above the plate yoke 14. The pol e 
piece 18 is held above the plate yoke 14 by using aj ift 
50 shown in Fig, 9 for exa mple. TheiiftJSQ includes a lift 
base_52. The lift base 52 is vertically movable by turnin g 

so threaded drive shafts 54- The lift base 52 has a low er 
surface provided with holding portions 56. The n ole 
piece 18 is fixed to the holding portions 56 by bolts 5 8. 
The pole piece 18, which is mainly made of mag netic 
iron, draw magnetic flux qeneratecLby_the__magnet 

55 blocks 20 which are already jaonded. 

[0050] By providing the pole pieceJ8above.the^)late 
voke 14 as described abo y,e,JbejQperating.poigt.of- the 
permanent magnet 16 which is being assembled-can be 
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raised, reducing demagnitization of the magnet block 2 0 
which is already fixed and of the magnet block 20 which 
is being bonded. Further, when the _magnet block 20 
held by the holding p grtjori^2_is_b.eing^bonded,^an 
upper end of the downward-pressing hydraulic cylinder 5 
48 may be pressed against a lower surface of the pole 
piece 18 held above, holding stably the magnet block 
20. 

[0051] Further, after completing the fixation of the 
magnet blocks 20, the pole piece 1 8 is then mounted to 10 
the perman ent magnet 16 by simply lowering the pol e 
piece 18 from the position w nere it has been held. On 
the other hand, it is"extremely difficult to move the pol e 
piece 1 8 onto t he permanent magnet 1 6 from elsewhere 
"after the magnet blocks 20 have been fixed. According 15 
to the present method, however, it becomes possible t o 
easily mount the pole piece 18 onto the predetermined 
position . 

[0052] Still further, when the magnet block 20 is 
bonded for example, the pole piece 18 is held approxi- 20 
mately 5 cm above the upper surfaces of the magnet 
blocks 20. Meanwhile, the upper surface of the down- 
ward-pressing hydraulic cylinder 48 of the holding por- 
tion 42 is pressed against the lower surface of the pole 
piece 18. This operation effectively counterparts the 25 
repelling force acting between the magnet block 20 held 
by the holding portion 42 and the magnet blocks 20 
already fixed to the plate yoke 14, making possible to 
easily fix the magnet block 20 onto a predetermined 
position on the plate yoke 14. 30 
[0053] Now that the surfaces of the plate yokes 1 4 are 
covered by the permanent magnets 16 and mounted 
with pole pieces 18, description will be made as to a 
method of assembling the pair of magnet units 12, 12a 
with the column yokes 22 in between. 35 
[0054] First, a column yoke 22 is disposed at each of 
four corner portions of the plate yoke 14 of the magnet 
unit 12 according to the following steps. 
[0055] Specifically, in order to create an uniform mag- 
netic field between the pair of pole pieces 18 by the 40 
completed magnetic field generator 10, the permanent 
magnets 1 6 must be away from the column yokes 22 by 
a certain distance. When the distance is large, the mag- 
netic field formed between the pole pieces 18 will be 
more uniform. However, this will make the apparatus 45 
heavier. For this reason, in the magnetic field generator 
10 designed for placing a whole body of human 
between the pole pieces 18, the distance between the 
permanent magnet 16 and the column yoke 22 is con- 
ventionally set to 1 00 mm ~ 300 mm. so 
[0056] With such an arrangement as above, the col- 
umn yoke 22 is lifted by a crane (not illustrated) for 
example and suspended with one of the end face point- 
ing downward. The column yoke 22 is then lowered onto 
a connecting portion 14a (see Fig. 10) of the plate yoke ss 
14. 

[0057] There is a problem here. Specifically, since the 
column yoke 22 is magnetic, the column yoke 22 is 



pulled by the permanent magnet 16 when brought 
closer to the permanent magnet 16, and therefore it is 
difficult to dispose the column yoke 22 onto the prede- 
termined position. 

[0058] For this reason, as shown in Fig. 10, a guiding 
member 62 is provided between the permanent magnet 
16 and a hole 60 on the plate yoke 14, for guiding the 
column yoke 22. This makes possible to place the col- 
umn member 22 safely and efficiently. The guiding 
member 62 has a pair of side walls making a generally 
L-shaped section for example, and is placed so that 
these side walls will contact a side surface of the column 
yoke 22 as properly assembled. The column yoke 22 
should be first lifted right above the point of fixation, i.e. 
above the connecting portion 14a. and then lowered 
right into the place of fixation. Thus, the height of the 
guiding member 62 is determined taking into account 
the intensity of the magnetic field of the permanent 
magnet 16. shape of the column yoke 22 and so on. 
[0059] It should be noted here that as will be under- 
stood from the above description, the guiding member 
62 must be placed closely to the permanent magnet 16, 
and therefore should be made of a non-magnetic mate- 
rial such as aluminum. However, when the column yoke 
22 is being placed, the intense pulling force acting on 
the column yoke 22 exerted by the permanent magnet 
16 makes the column yoke 22 contact and seriously 
wear off or deform the aluminum guiding member 62. 
For this reason, the guiding member 62 is made of alu- 
minum but clad by stainless steel for example. 
[0060] Further, as shown in Hg. 10, a guiding rod 64 
is attached to the lower end face of the column yoke 22 
to be placed, whereas the connecting portion 14a of the 
plate yoke 14 is formed with a matching hole 60 for 
receiving the guiding rod 64. This makes possible to 
place the column yoke 22 into the connecting portion 
14a easily and accurately. The guiding rod 64 is detach- 
ably mounted to the column yoke 22. The guiding rod 64 
is made longer than the thickness of the plate yoke 14 
so that the guiding rod 64 can be easily removed from 
the column yoke 22 after the column yoke 22 is posi- 
tioned to the connecting portion 14a. 
[0061] With the above arrangement, the column yoke 
22 is lifted by a crane for example, so that the end face 
attached with the guiding rod 64 is pointing downward 
vertically. The column yoke 22 is then lowered while the 
guiding rod 64 is inserted into the hole 60 so that the 
column yoke 22 is positioned right on the connecting 
portion 14a. After the column yoke 22 has been prop- 
erly positioned, the guiding rod 64 is removed from the 
lower end face of the plate yoke 14, and the column 
yoke 22 is fixed to the plate yoke 14 by bolts (not illus- 
trated) for example. 

[0062] The guiding rod 64 and the guiding member 62 
as described above can be used independently from 
each other. However, use of both as shown in Fig. 10 
can further facilitate operability in the assembling step. 
[0063] It should be noted here that in an actual assem- 
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bling, the guiding rod 64 is guided into the hole 60 man- 
ually by human while the column yoke 22 is being 
lowered. Thus, if the pulling force from the permanent 
magnet 16 to the column yoke 22 is very strong, posi- 
tioning the column yoke 22 can be very difficult, signrf i- 5 
carrtly deteriorating operabilrty. 
[0064] The height of the guiding member 62 shown as 
L 1 in Fig. 1 1 must be larger than a height L 3 of the pole 
piece 18, as evident from the purpose rt serves. Accord- 
ing to the magnetic field generator 10 of this particular 10 
embodiment, the length L 2 of the guiding rod 64 is 500 
mm, L 3 is 300 mm, whereas the thickness L4 of the 
plate yoke 14 is 300 mm. 

[0065] Fig. 12 shows a relationship between the 
height D of the lower end face of the column yoke 22 15 
held above the connecting portion 14a and the pulling 
force F of the permanent magnet 16 acting on the col- 
umn yoke 22. The magnetic flux density near the per- 
manent magnet 16 is 0.1 tesla- 0.2 tesla. Thus, as 
understood from the Fig. 12, with L, being 300 mm, the 20 
column yoke 22 being lowered can be under a pulling 
force of nearly 1 000 N. When the column yoke 22 is low- 
ered, in order for the suspended column yoke 22 to be 
manually guided onto the predetermined position with- 
out being excessively pulled by the permanent magnet 25 
16, the pulling force from the permanent magnet 16 to 
the column yoke 22 must be controlled to approximately 
200 N - 300 N, which means the height L 1 must be 
greater than 300 mm. Judging from Fig. 12, a preferable 
height L| of the guiding member 62 is 700 mm or 30 
greater. 

[0066] With the height selected as above, the col- 
umn yoke 22 can be guided manually to the predeter- 
mined position, thus the operabilrty is improved. 
[0067] After the column yokes 22 are connected to the 35 
magnet unit 12, the other magnet unit 12a is connected 
to the other ends of the column yokes 22 to form a mag- 
netic circuit. For this operation, the magnet unit 12a to 
be connected is held with its pole piece 18 facing down- 
ward, above the column yokes 22 already assembled to 40 
the magnet unit 12. 

[0068] As shown in Fig. 1 3, a first guiding rod 66 and 
a second guiding rod 68 are detachably mounted to the 
end face of the column yoke 22. Further, matching holes 
70, 72 are formed in advance at each of the four corner 45 
portions of the plate yoke 14 of the magnet unit 12a 
respectively for guiding the first and second guiding 
rods 66, 68. It should be noted here that the first guiding 
rod 66 is made longer than the second guiding rod 68. 
Specifically, when the lifted magnet unit 12a is lowered so 
by a crane for example, the hole 70 is guided to the first 
guiding rod 66 of the column yoke 22 as a preliminary 
alignment of the magnet unit 12a to the column yokes 
22. Next, the magnet unit 1 2a is lowered further to guide 
the second guiding rod 68 into the hole 72 to complete ss 
the placement of the magnet unit 12a onto the column 
yokes 22. Though not illustrated here, a guiding mem- 
ber similar to the guiding member 62 used when the col- 



umn yokes 22 are connected to the magnet unit 12 
should be provided in the magnet unit 12a for more 
improved efficiency in the assembling operation. 
[0069] Since the pair of magnet units 12, 12a are pull- 
ing each other, any relative misalignment between the 
two is difficult to be corrected afterwards. On the other 
hard, according to the method described above, it 
becomes possible to accurately place the magnet unit 
1 2a. After the placement of the magnet unit 1 2a is com- 
plete, the guiding rods 66, 68 are removed from the 
upper face of the plate yoke 14, and each of the column 
yokes 22 is fixed to the magnet unit 1 2a by bolts or other 
fasteners. 

[0070] It should be noted that this invention is also 
applicable to other magnetic field generators such as a 
magnetic field generator 10a shown in Fig. 14 which 
uses two column yokes 76 for connecting a pair of mag- 
net units 74 each provided with a permanent magnet IS 
and a pole piece 18; a magnetic field generator 10b 
shown in Fig. 15 which uses two column yokes 80 for 
connecting a pair of magnet units 78 each provided with 
a permanent magnet 16 and a pole piece 18; and fur- 
ther to a magnetic field generator 10c shown in Fig. 16 
which uses one column yoke 84 for connecting a pair of 
magnet units 82. Although each of the permanent mag- 
nets 16 is illustrated as a solid disc in Figs. 14 and 15, 
each is an assembled magnet in which a plurality of 
magnet blocks are assembled into a generally disc 
shape similarly to the permanent magnet 16 used in the 
magnetic field generator 10 according to the above 
embodiment. 

[0071 ] It should be noted here that in the step of apply- 
ing the adhesive, this invention is not limited to the case 
where the application of the adhesive is made to the 
side surfaces of the already fixed magnet blocks 20 on 
the plate yoke 14 and the side surface of the projection 
24. The application of the adhesive may be made to 
side surfaces of the magnet block 20 to be mounted. 
[0072] Although this invention has been described 
and illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is 
not to be taken by way of limitation, the spirit and scope 
of this invention being limited only by the terms of the 
appended claims. 

Claims 

1. A method for assembling a mag net unit b y bqrrciing 
magnet blocks to a bondin g object provided in a 
surfac e of a plate, yoke, comprising : 

an applying step in which .adhesive is applied to 
at least a side s urface of the bondin g object.or 
a side su rface.of the^maonet block: 
a transporting step in which the magnet block is 
transporte d by sliding on the plate yoke; and 
a bonding step in which the transported mag- 
net block is bonded to the bonding object. 
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2. The method according to Claim 1, wherein the 
transporting step includes a sub-step of transport- 
ing the magnet block to fit into a corner portion 
formed by side surfaces of a plurality, of the bonding 
objects. 5 

3. The method according to Claim 2, wherein the 
method further comprises a step of transporting the 
magnet block toward the corner portion, with the 
side surface of the magnet block held parallel to the w 
side surface of the bonding object forming the cor- 
ner portion. 

4. The method according to Claim 1; wherein the 
method further comprises a placing step in which a is 
first guiding member is placed in the surface of the 
plate yoke; and 

wherein the transporting step includes a sub- 
step of positioning the magnet block by fitting 20 
the magnet block to a side surface of the first 
guiding member. 

5. The method according to Claim 4, wherein the 
transporting step includes a sub-step of transport- 25 
ing the magnet block to fit into a corner portion 
formed by the side surface of first guiding member 
and the side surface of the bonding object. 

6. The method according to Claim 5, wherein the 30 
method further comprises a step of transporting the 
magnet block toward the corner portion, with a side 
surface of the magnet block held parallel to the side - - 
surface of first guiding member forming the corner 
portion or the side surface of the bonding object 35 
forming the corner portion. 

7. The method according to one of Claims 1 to 6, 
wherein the first guiding member is provided with a 
recess, the recess being formed in the side surface 40 
of the first guiding member fitted by the magnet 
blocks, at a place where two magnet blocks are 
mutually bonded. 

8. The method according to one of Claims 1 to 7, 45 
wherein the bonding object includes at least a pro- 
jection provided in the surface of the plate yoke or a 
magnet block already fixed in the surface of the 
plate yoke. 

50 

9. The method according to Claim 8, wherein the pro- 
jection is made of non-magnetic material. 

10. A method for assembling a magnet unit by dispos- 
ing a plurality of magnet blocks with a same mag- 55 
netic pole facing upward in a surface of a plate 
yoke, comprising steps of: 
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disposing a magnetic member above the plate 
yoke at a predetermined distance from the 
plate yoke generally in parallel thereto; and 
transporting each of the plurality of magnet 
blocks on the plate yoke, and fixing each of the 
plurality of magnet blocks to adjacent magnet 
blocks by bonding. 

11. The method according to Claim 10, wherein the 
magnetic member is a pole piece, and the method 
further comprises a step of lowering the pole piece 
to place the pole piece onto the disposed magnet 
blocks after the step of fixing the magnet blocks. 

12. A magnetic field generator for MRI comprising: a 
pair of magnet units each including a plate yoke 
and a permanent magnet made of a plurality of 
magnet blocks disposed in a surface of the plate 
yoke; and a column yoke supporting and magneti- 
cally connecting the pair of magnet units, with one 
of the surfaces formed with the permanent magnet 
opposed to the other; 

wherein the surface of the plate yoke formed 
with the permanent magnet is formed with a 
projection, and the magnet block is bonded 
side by side with the adjacent magnet block or 
the projection. 

13. The magnetic field generator according to Claim 
12, wherein the projection is made of non-magnetic 
material. 

14. A method for assembling a magnetic field generator 
for MRI, the magnetic field generator for MRI com- 
prising: a pair of magnet units each including a 
plate yoke and a permanent magnet formed in a 
surface of the plate yoke; and a column yoke sup- 
porting and magnetically connecting the pair of 
magnet units, with one of the surfaces formed with 
the permanent magnet opposed to the other; the 
method comprising steps of: 

disposing a second guiding member for guiding 
the column yoke, between the permanent mag- 
net on the plate yoke and a location where the 
column yoke is to be disposed on the plate 
yoke; 

lifting the column yoke above the magnet unit; 
and 

disposing the lifted column yoke onto the mag- 
net unit by lowering the lifted column yoke 
along a side surface of the second guiding 
member. 

15. The method according to Claim 14, wherein the 
second guiding member has a height not smaller 
than 700 mm. 
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16. A method for assembling a magnetic field generator 
for MRI, the magnetic field generator tor MRI com- 
prising: a pair of magnet units each including a 
plate yoke and a permanent magnet formed in a 
surface of the plate yoke; and a column yoke sup- 5 
porting and magnetically connecting the pair of 
magnet units, with one of the surfaces formed with 
the permanent magnet opposed to the other: 

the magnet unit having an upper surface 10 
formed with a hole; the method comprising 
steps of: 

lifting the column yoke above the hole; 
attaching a guiding rod for insertion into the 
hole, to a lower end face of the column yoke; 15 
and 

connecting the column yoke and the magnet 
unit through guided lowering of the column 
yoke by inserting the guiding rod into the hole. 

20 

1 7. A method for assembling a magnetic field generator 
for MRI, the magnetic field generator for MRI com- 
prising: a pair of magnet units each including a 
plate yoke and a permanent magnet formed in a 
surface of the plate yoke; and a column yoke sup- 25 
porting and magnetically connecting the pair of 
magnet units, with one of the surfaces formed with 

the permanent magnet opposed to the other; 

one of the magnet units above the other having 30 
a hole opening at a position where the column 
yoke is to be connected; the method compris- 
ing steps of: 

disposing the column yoke on an upper surface 
of the lower magnet unit; 35 
attaching a guiding rod to an upper end face of 
the column yoke; 

lifting the upper magnet unit above the column 
yoke; and 

connecting the upper magnet unit and the col- 40 
umn yoke through guided lowering of the upper 
magnet unit by inserting the guiding rod into 
the hole. 

18. The method according to Claim 17, wherein a pair 45 
of guiding rods each having a length different from 

the other are attached in an upper end face of the 
column yoke in the step of attaching the guiding 
rod. 
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a projection and a guiding rail. A new magnet block is 
transported by sliding on the upper surface of the plate 
yoke, and is bonded side by side with the projection or a 
magnet block which is already fixed. During the above 
operation, a magnetic member is held above the plate 
yoke. Preferably, the new magnet block is transported 
toward a corner portion, with side surfaces of the mag- 
net block held parallel to a side surface of the projection 
and a side surface of the guiding rail respectively. When 
the magnet unit and the column yoke is connected, the 
column yoke or the magnet unit is lowered so that a 
guiding rod attached to an end face of the column yoke 
is inserted into a hole formed in the magnetic unit. Fur- 
ther, the column yoke is guided by a guiding member 
disposed between a permanent magnet on the plate 
yoke and a position where the column yoke is to be con- 
nected on the plate yoke. 
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